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I '  

PREFACE 

Man's r ecen t ly  acquired a b i l i t y  t o  place instrument-carrying v e h i c l e s  i n  
o r b i t  around t h e  e a r t h  provides a new vantage po in t  f o r  remotely "sensing" t h e  
e a r t h ' s  su r f ace  and near-surface environment. Cameras mounted on a i r c r a f t  
platforms have long been used t o  observe a v a r i e t y  of n a t u r a l  and c u l t u r a l  
phenomena, and a new series of r e l a t e d  remote-sensing devices is now becoming 
a v a i l a b l e  f o r  t h i s  purpose. I f  i n s t a l l e d  i n  ea r th -o rb i t i ng  satell i tes,  these  
instruments can repea ted ly  record o b j e c t s  and condi t ions  wi th  synopt ic  q u a l i t i e s  
no t  he re to fo re  obta inable .  

The prospec ts  f o r  ob ta in ing  l a r g e  q u a n t i t i e s  of u s e f u l  d a t a  by remote 
, sens ing  from space p la t forms  have motivated geo log i s t s ,  geographers, oceanog- 

raphers,  meteoro logis t s ,  hydro log i s t s ,  f o r e s t e r s ,  a g r i c u l t u r i s t s ,  and o t h e r s  
t o  eearch f o r  p o t e n t i a l  app l i ca t ions  of t h i s  new technology r e l a t i n g  t o  t h e i r  
r e s p e c t i v e  d i s c i p l i n e s .  
Aeronautics and Space Administration, which has  t h e  broader purpose of devel- 
oping peacefu l  uses of e a r t h  satellites f o r  t h e  b e n e f i t  of mankind. 

, Much of t h e i r  work is  being sponsored by t h e  Nat ional  

This s tudy  i d e n t i f i e s  p o t e n t i a l  a g r i c u l t u r a l  app l i ca t ions  of remote sensing 
It w a s  conducted as p a r t  of a more comprehensive Economic from epace p la t forms .  

Research Se rv ice  study, now i n  progress,  t o  estimate t h e  p o t e n t i a l  economic 
b e n e f i t s  t o  a g r i c u l t u r e  of remote sensing from o r b i t i n g  spacec ra f t .  
a l l  s tudy  is  being conducted f o r  t h e  National Aeronautics and Space Administra- 
t i o n  under Interagency Fund Transfer No. R-09-038-001. 

The over- 
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SUMMARY 

Remote sensing from o rb i t i ng  satell i tes is  c e r t a i n  t o  y i e l d  considerable  
q u a n t i t i e s  of a g r i c u l t u r a l  da t a .  Exis t ing photographic sensors ,  as w e l l  as 
photo i n t e r p r e t a t i o n  techniques,  are s u f f i c i e n t l y  advanced t o  perform a v a r i e t y  
of a g r i c u l t u r a l  survey t a sks  from space a l t i t u d e s ,  including reconnaissance 
surveys of major land uses,  s o i l s ,  water resources,  range condi t ions,  and 
cropping p rac t i ces .  
numerous o b j e c t s  and condi t ions  on the  ground. 

S a t e l l i t e  photography w i l l  a l s o  be s u i t a b l e  f o r  mapping 

Further  development of photographic methods and, more p a r t i c u l a r l y ,  of 
i n t e r p r e t a t i o n  methods f o r  nonphotographic sensors  ( s e n s i t i v e  i n  the  i n f r a r e d  
and microwave regions of t he  electromagnetic spectrum) may lead t o  add i t iona l  
a g r i c u l t u r a l  app l i ca t ion  of remote sensing from space a l t i t u d e s .  I d e n t i f i c a -  
t i o n  of crop spec ie s ,  ana lys i s  of crop vigor,  and usable  estimates of crop 
production are poss ib ly  feas ib le .  operat ions from space. Certain a g r i c u l t u r a l  
data--for d e t a i l e d  s o i l  surveys and censuses of  livestock--appear t o  be unat- 
t a inab le  from space. 

Three major f a c t o r s  govern the  p o t e n t i a l  f o r  a g r i c u l t u r a l  surveys from 
space a l t i t u d e s :  sensor  r e so lu t ion  c a p a b i l i t i e s ,  da t a  i n t e r p r e t a t i o n  capabi l -  
i t i es ,  and informational  ob jec t ives  ( t h a t  is ,  t he  s p e c i f i c  d a t a  requirements 
of a p a r t i c u l a r  survey).  Of the  major sensor types--camera, i n f r a red ,  radar-- 
the  camera has  been developed t o  the  highest  state of per fec t ion .  
with o t h e r  types , cameras have higher  reso lu t ion  c a p a b i l i t i e s  and supe r io r  
metric q u a l i t i e s .  However, high r e so lu t ion  and wide-area coverage are con- 
f l i c t i n g  goa l s  i n  remote sensing. 
the  main advantages of sa te l l i te  reconnaissance, cameras (as w e l l  as o the r  
sensor  types) cannot be designed t o  maximize r e so lu t ion .  

I n  comparison 

I n  order  t o  keep wide-area coverage, one of 

Visual photographic i n t e r p r e t a t i o n  techniques are well developed. 
photographic image i n t e r p r e t a t i o n  c a p a b i l i t i e s  are l imi ted  a t  present ,  bu t  
research  on e l e c t r o n i c  techniques f o r  i n t e rp re t ing  both photographic and non- 
photographic imagery is  i n  progress .  
most va luable  when used, o f t e n  simultaneously, t o  supplement photographic 
sensors ;  they provide add i t iona l  information on energy emissions not  ava i l ab le  
from photographs alone. 

Non- 

Currently,  nonphotographic sensors  are 

A g r i c u l t u r i s t s  i n  the  United States have used conventional a e r i a l  photog- 
raphy (ex tens ive ly  as a base f o r  mapping and less extens ive ly  f o r  i n t e r p r e t a -  
t i o n a l  s t u d i e s )  i n  surveys of land use and land capab i l i t y .  
photographic techniques are being expanded with spec ia l i zed  imagery. Experi- 
ments wi th  c o l o r ,  co lo r  i n f r a red ,  and inf ra red ,  as w e l l  as panchromatic f i lms ,  
p a r t i c u l a r l y  when exposed simultaneously and used i n  concer t ,  have r e su l t ed  i n  
improved techniques f o r  ident i fy ing  crop species  and analyzing crop v igor  and 
hea l th .  
a i d  m a t e r i a l l y  i n  eva lua t ing  crop response t o  f e r t i l i z e r ,  i n s e c t i c i d e s ,  and 

Trad i t iona l  

Experiments with in f r a red  photography i n d i c a t e  t h a t  t h i s  method can 
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p e s t i c i d e s ,  and i n  de tec t ing  and de l inea t ing  weed and d i sease  growth. 
several cases, a d isease  p a t t e r n  appeared on in f r a red  photography before  i t  
could be detec ted  v i sua l ly .  

Multispectral sensing, a remote sensing technique involving both photo- 

In 

graphic  and nonphotographic sensors ,  is being developed t o  see if d i s t i n c t i v e  
s p e c t r a l  "signatures" can be discovered f o r  only s l i g h t l y  d i s s i m i l a r  ob jec t s  i n  
the  a g r i c u l t u r a l  environment. 
but  researchers  remain op t imis t i c .  Also, research is  being conducted t o  de te r -  
mine and extend the  u t i l i t y  of radar  f o r  a g r i c u l t u r a l  surveying purposes. 

No s i g n i f i c a n t  breakthrough has  occurred y e t ,  
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AGRICULTURAL APPLICATION OF REMOTE SENSING-- 
THE POTENTIAL FROM SPACE PLATFORMS 

BY 

H. Thomas Frey, Geographer 
Natural  Resource Economics Divis ion 

Economic Research Service 

Thi 

INTRODUCTION 

s tudy in tends  t o  i d e n t i f y  low-alt i tude a g r i c u l t u r  1 app l i  t i o n  f 
remote sensing,  L/ including those emerging from cur ren t  research which appeal 
t o  be t echn ica l ly  f e a s i b l e  from space a l t i t u d e s .  Since opera t iona l  experience 
with a g r i c u l t u r a l  remote sensing from spacecraf t  is  neg l ig ib l e ,  the  a p p r a i s a l  
of t echn ica l  f e a s i b i l i t y  must necessarily.be based upon the  evidence of e x i s t -  
ing remote sensing c a p a b i l i t i e s  and the  experience and judgment of sc ien t i s t s  
f a m i l i a r  wi th  low-al t i tude remote sensing c a p a b i l i t i e s .  

The procedure used t o  i d e n t i f y  p o t e n t i a l  a g r i c u l t u r a l  app l i ca t ions  of 
sa te l l i t e  d a t a  involved two b a s i c  steps. 
app l i ca t ions ,  defined as those poss ib le  or emerging as poss ib le  a t  low a l t i -  
tudes,  w a s  e s t ab l i shed  by a review of the  l i t e r a t u r e  and research i n  progress .  
Espec ia l ly  noted were the  objec t ives ,  methods, and r e s u l t s  of d i s t i n c t i v e  
app l i ca t ions  and experiments. 

F i r s t ,  the  m a x i m u m  range of p o t e n t i a l  

The next  s t e p  consis ted of narrowing t h e  range of p o t e n t i a l  app l i ca t ions  
t o  those regarded as real is t ical ly  achievable from space platforms. 
n i c a l  f e a s i b i l i t y  of conducting a g r i c u l t u r a l  surveys from space a l t i t u d e s  w a s  
e s t ima ted& the  b a s i s  of t he  evident  ex ten t  t o  which phys ica l  phenomena can 
be i d e n t i f i e d  and measured. 
r e s o l u t i o n  requirements f o r  ind iv idua l  a g r i c u l t u r a l  app l i ca t ions ,  i n  r e l a t i o n  
t o  the  ind ica t ed  and t h e o r e t i c a l  resolving c a p a b i l i t i e s  of remote sensors  and 
t o  e x i s t i n g  and p o t e n t i a l  image i n t e r p r e t a t i o n  c a p a b i l i t i e s .  

The tech- 

Thus, p a r t i c u l a r  a t t e n t i o n  w a s  given t o  the  

1/ The term "remote sensing" as used i n  t h i s  r epor t  r e f e r s  t o  the  imaging 
or recording of phys ica l  phenomena at a d is tance  by de tec t ing  the  r ad ian t  
energy which t h e  phenomena e i t h e r  r e f l e c t  or e m i t .  Thus, t h e  very broad term 
i s  used i n  a r e s t r i c t e d  sense t o  include only those remote sensing a c t i v i t i e s  
which involve the  de t ec t ion  of energy c h a r a c t e r i s t i c a l l y  moving a t  the  veloc- 
i t y  of l i g h t .  



CONVENTIONAL AGRICULTURAL APPLICATIONS OF RmOTE SENSING 

Remote sensing i n  the  form of aerial photography is extens ive ly  used by 
a g r i c u l t u r i s t s  i n  t h e  United S ta t e s .  P r inc ipa l  users i n  the  U.S. Department of 
Agricul ture  are the  Agr i cu l tu ra l  S t a b i l i z a t i o n  and Conservation Service (ASCS), 
S o i l  Conservation Service (SCS), Forest  Service (FS), Sta t i s t i ca l  Reporting 
Service (SRS), and Economic Research Service (ERS). I n  add i t ion ,  the  Bureau of 
Land Management (BLM), U.S. Department of t h e  I n t e r i o r ,  makes extensive use of 
photos. z/ 

These agencies use aerial photography pr imar i ly  as a ids  i n  var ious  land 
resource and land use surveys conducted i n  connection with l a r g e r  program o r  
research object ives .  
needed. Accordingly, the  surveys vary i n  frequency, areal scope, i n t e n s i t y ,  
and methodology. 
and measure vegetat ion,  s o i l s ,  o r  land u s e ,  e i t h e r  broadly o r  i n  d e t a i l .  The 
observation of s a l i e n t  t e r r a i n  f ea tu res  is a p a r t  of most surveys,  but  these  
f e a t u r e s  usually are not  mapped o r  measured per  se. 
these  surveys a r e  shown i n  t a b l e  1. 

A s  a ru l e ,  t he  agencies d i f f e r  i n  type and form of d a t a  

I n  general ,  however, t he  ob jec t ive  has been t o  c l a s s i f y ,  map, 

The major elements of 

Purpose, Frequency, and Areal Scope 

ASCS is the  p r i n c i p a l  user  of aerial photography, i n  t h e i r  production 
adjustment and land use programs. I n  these  programs, designed t o  maintain a 
crop production and land use balance between supply and demand and t o  d i v e r t  
land cu r ren t ly  no t  needed f o r  production t o  conservat ion and r e c r e a t i o n a l  uses ,  
t he  ASCS annually measures the  acreage and determines the  crop use of f i e l d s  
t o t a l i n g  some 200 mi l l i on  acres .  3/ While not  a l l  farms, f i e l d s ,  o r  crops are 
encompassed by the  program, widely d i s t r i b u t e d  crops such as corn, wheat, cot-  
ton,  tobacco, and rice are included,  i n  e f f e c t  making the  program nationwide 
i n  scope. 

The SCS u t i l i z e s  a e r i a l  photographs i n  major programs f o r  t he  conservat ion 
and w i s e  use of t he  Nation's land resources .  
s e rva t ion  planning (determining land capab i l i t y ,  recommending conserving land 
uses  and p rac t i ces ,  and a s s i s t i n g  t h e  farm opera tor  i n  e f f e c t i n g  the  p l an ) ,  t he  
watershed pro tec t ion  program (seeking the  prevent ion and c o n t r o l  of f loods,  
e ros ion ,  and o the r  problems assoc ia ted  with rap id  runoff of water)  and the  
s o i l s  mapping program (supporting t h e  above a c t i v i t i e s  and serv ing  general 
purposes as wel l ) .  

These programs include farm con- 

, 

The agency maps the  s o i l s  of some 50 m i l l i o n  acres annual ly  
(54) 

2/ Numerous Federal  agencies,  u n i v e r s i t y  r e sea rche r s ,  and o t h e r s  have used 
The minor appl ica-  aer ia i  photography i n  solving a g r i c u l t u r a l  survey problems. 

t i o n s  are omitted i n  t h i s  d i scuss ion ,  as they d i f f e r  l i t t l e  i n  t h e i r  e s s e n t i a l  
na ture  from the  major app l i ca t ions .  

United S ta t e s  have been i d e n t i f i e d  and b r i e f l y  descr ibed  by S t e i n e r  (49). 
Underscored numbers i n  parentheses  r e f e r  t o  t h e  Bibliography, p. 2 4 .  

tograFhy Division, ASCS, and Coordinator of Aerial Photography f o r  t h e  U . S .  
Department of Agricul ture ,  Apr i l  28, 1965. 

Vi r tua l ly  a l l  a g r i c u l t u r a l  app l i ca t ions  of aerial photography i n  the  

3/ Personal communication from K. P. Harris, Deputy Di rec to r ,  Aerial Pho- 

2 



\ 
"I 
h c 
cc 

U 
0 c 
F. 
rl 
m 
rl 
& 
P) m 
w 
0 

8 

m co 
rl u 
0 
V 
rl 
rl a 
9 
rl 
0 
& 
3 
U 

g 
ri 
U 
Q 
V h  
r l o  " a 
4 

I- 

'c; 
Qi 
c 
.r 
E 
T 
c 

I I  

h 

-4 

" 
cd 
& 4" m u  3 

c c  
rlrl 

4 'a u" c 

m a  m 
G a l 4  

& 
0 
rl 
& 
0) 
U 
0 
W 

Q) 

5 
b 
0 
u 
c 
al 
6 
U 
& 
m a 
9) 
n 

4 
3 

3 



The SCS a l s o  made ex tens ive  use of aerial  photographs i n  the  Nat ional  
Inventory of Conservation Needs (NICN), an interagency survey conducted i n  
1957-59 t o  map U.S. land c a p a b i l i t y  and use. 
p l o t s  on aerial photographic bases t o  provide a 2-percent area sample. 
similar inventory is  cu r ren t ly  underway and scheduled f o r  completion i n  1967. 

Designations were made on sample 
A 

Photography procured by ASCS covers approximately 80 percent  of the  t o t a l  
area of the 48 contiguous States and H a w a i i  and v i r t u a l l y  a l l  of the  Nat ion 's  
cropland. 
la te  1930's i n  an acqu i s i t i on  program designed t o  p e r i o d i c a l l y  update areas 
undergoing change. Limited q u a n t i t i e s  of comparable photography are procured 
by the  SCS and FS when t h e i r  needs are no t  m e t  t h e  ASCS procurement programs. 

Most a r eas  have been photographed t h r e e  or four  t i m e s  s ince  the  

1 

The FS and BLM are responsible  f o r  managing l a r g e  acreages of Federal ly  
owned land, mainly i n  the  n a t i o n a l  f o r e s t s  and the  pub l i c  domain. 
area administered by these  agencies i n  the  48 contiguous S t a t e s  t o t a l e d  more 
than 340 mi l l i on  acres (53). Extensive po r t ions  of t h i s  land are usable  f o r  
l i ves tock  grazing and are made ava i l ab le  t o  p r i v a t e  ranchers f o r  t h i s  purpose. 
Both administering agencies u t i l i z e  aer ia l  photography i n  continuing o r  pe r i -  
od ic  surveys of the  rangeland t h a t  is under t h e i r  superv is ion  t o  obta in  in fo r -  
mation on i ts  l ivestock-carrying capaci ty .  

I n  1964, t he  

Among the  a c t i v i t i e s  of the  SRS, which se rves  as the  main fact-f inding 

Aerial photographs as s u b s t i t u t e s  f o r  conventional maps 
agency of t he  U.S. Department of Agricul ture ,  are annual nationwide crop and 
l i ves tock  surveys. 
play an important r o l e  i n  these surveys,  although only r e l a t i v e l y  few photo- 
graphs a re  required s ince  the  surveys are conducted on a sample bas i s .  

The ERS uses aerial photography i n  s p e c i a l  cases t o  ob ta in  necessary in fo r -  
mation on land use f o r  i ts  economic research  program. 
surveys i s  normally on the order  of a few townships o r  count ies ,  but  i n  one 
ins tance  an extensive survey of land use w a s  conducted i n  a l l  48 contiguous 
States. 

The a r e a l  scope of ERS 

Charac t e r i s t i c s  of Conventional Photonraphy 

Most aerial photography used i n  U.S. a g r i c u l t u r e  i s  co l l ec t ed  t o  the  same 

This uniformity occurs pr imar i ly  because a hiph propor t ion  of t he  photo- 
spec i f i ca t ions  i n  terms of sca l e ,  f i lm,  f i l t e r ,  camera f o c a l  lenRth, and for-  
m a t .  
graphs i s  procured by the  ASCS f o r  t h e i r  purposes and then made ava i l ab le  t o  
o the r  users .  With minor except ions,  ASCS photopraphs a r e  taken a t  a v e r t i c a l  
angle (maximum departure  of 4 degrees) on panchromatic f i lm  with a minus-blue 
f i l t e r  a t  the  contac t  s c a l e  of 1:20,000. With a camera havinp a f o c a l  length  
of 8 1 / 4  inches,  exposures are made on 9" x 9" f i lm format and spaced t o  pro- 
vide s u f f i c i e n t  overlap f o r  s te reoscopic  viewing. Photopraphic surveys are 
conducted without regard t o  season, except t h a t  the  ground must be f r e e  of 
snow, standing water ,  e t c . ,  bu t  surveys are l imi t ed  t o  time of high sun angle  
on cloud-free days. The r e s o l u t i o n  achieved i s  approximately 20 l ines  p e r  
millimeter a t  the  c e n t e r  of the  f i e l d  (52). 
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Method of Data Acquisi t ion 

The aerial  photography described above provides an overview of a po r t ion  
of the  e a r t h ' s  sur face  i n  which a wealth of p i c t o r i a l  d e t a i l  i s  recorded i n  
approximately c o r r e c t  s p a t i a l  re la t ionship .  
cannot be f u l l y  in t e rp re t ed ,  the  photographs provide o r i e n t a t i o n  f o r  boundary 
de l inea t ion .  
areas are f i g u r a t i v e l y  brought to  t h e  o f f i c e  f o r  study. 

Even i f  a l l  photographic d e t a i l  

To the  ex ten t  t h a t  photographic d e t a i l  can be in t e rp re t ed ,  l a r g e  

Three methods of d a t a  acqu i s i t i on  from commonly ava i l ab le  aerial photog- 
raphy have been developed by U.S. a g r i c u l t u r i s t s :  f i e l d  mapping, photo i n t e r -  
p r e t a t i o n ,  and s te reoscopic  photo i n t e r p r e t a t i o n .  The most widely used method 
of d a t a  a c q u i s i t i o n  is  f i e l d  mapping--the i d e n t i f i c a t i o n  and mapping of d e t a i l  
on the  ground using photography as the  mapping base. 
method used by ASCS, SCS, and SRS. 

This i s  the  p r i n c i p a l  

I n  the  ASCS and SRS app l i ca t ions ,  f i e l d  boundaries and crops a r e  de l ine-  
a ted  and l abe l l ed  on photographic enlargements by an on-si te  observer and 
subsequently measured by planimeter.  Photo i n t e r p r e t a t i o n  is precluded by t h e  
l ack  of t imel iness  and a l s o  by the  s c a r c i t y  of crop i d e n t i f i c a t i o n  charac te r -  
i s t ics  on t h e  photography. Geometric ou t l ines  on the  photographs, i n  terms of 
f i e l d  lines, roads,  topography, n a t u r a l  vegetat ion,  e t c . ,  remain r e l a t i v e l y  
accura te  f o r  several years ,  however, and provide the  framework f o r  mapping and 
area measurement. Changes i n  these fea tures  are made as necessary by applying 
appropr ia te  markings and no ta t ions  on the  photography during the  course of t he  
ground survey. 

S o i l  c l a s s i f i c a t i o n  and mapping are performed t o  varying degrees of accu- 
racy and p rec i s ion .  Reconnaissance surveys can be l a rge ly  accomplished by 
photo i n t e r p r e t a t i o n ,  as gross  s o i l  p rope r t i e s  and c h a r a c t e r i s t i c s  are indica ted  
by e a s i l y  recognized f ea tu res  of the  t e r r a i n  and n a t u r a l  vegetat ion.  
most s o i l s  surveys i n  the  United States a re  q u i t e  d e t a i l e d .  The method used by 
SCS t o  map s o i l s  i n  d e t a i l  i s  based pr imari ly  on f i e l d  observat ion bu t  inc ludes  
s te reoscopic  photo i n t e r p r e t a t i o n  i n  the  survey planning s t age  and f o r  numerous 
t e n t a t i v e  i d e n t i f i c a t i o n s  (48). 
t he  ground, they are de l inea ted  on photographic enlargements. The considerable  
d e t a i l  recorded on the  photographs provides o r i e n t a t i o n  and reference p o i n t s  
f o r  t he  f i e l d  mapper. 

However, 

After the so i l - type  boundaries are loca ted  on 

The f i e l d  mapping method is a l s o  used by SCS t o  ob ta in  d a t a  on land capa- 
b i l i t y  and land use f o r  i t s  var ious conservation a c t i v i t i e s .  However, s te reo-  
scopic  photo i n t e r p r e t a t i o n  may have s p e c i a l  app l i ca t ion  i n  some ins tances .  
I n  f lood c o n t r o l  surveys,  f o r  example, t h e  d e l i n e a t i o n  of flood-frequency zones 
is  accomplished by p l o t t i n g  marks of p a s t  f loods  as i d e n t i f i e d  by f i e l d  obser- 
va t ion  on t h e  photographs and connecting them s t e reoscop ica l ly  (48). 

Methods of conducting range resources surveys vary s l i g h t l y  i n  d e t a i l  
between and wi th in  the  FS and BLM. 
a J o i n t  photo i n t e r p r e t a t i o n - f i e l d  mapping procedure. Photo i n t e r p r e t a t i o n  is  
employed t o  map major vege ta t ion  types,  t e r r a i n  f e a t u r e s  forming n a t u r a l  bound- 
aries o r  b a r r i e r s  t o  l i ves tock  movement, and water resources .  D i s t inc t ive  but 
u n i d e n t i f i a b l e  p a t t e r n s  are a l s o  del ineated on the  photographs i n  the  photo 

I n  general ,  both agencies r e l y  heavi ly  on 
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i n t e r p r e t a t i o n  phase, as the  p a t t e r n s  usua l ly  coincide wi th  boundaries between 
areas of d i f f e r e n t  vege ta t ive  type and dens i ty .  

I 

Addit ional  information is obtained i n  ground surveys.  In t e rp re t ed  de l in -  
e a t i o n s  on aerial photographs are rev ised  and annotated t o  r e f l e c t  forage type 
and dens i ty ,  improvements, areas needing reseeding,  and areas suscep t ib l e  t o  
e ros ion  o r  containing noxious weeds. 
descr ibed by Henriques (23). 

Typical survey procedures have been 

Stereoscopic photo i n t e r p r e t a t i o n  wi th  l i t t l e  o r  no f i e l d  work has  been 
used i n  severa l  ERS l and  use s tud ie s .  
cropland, pastureland,  fo re s t l and ,  land c l ea r ing  and drainage,  p o t e n t i a l  recre- 
a t i o n  s i tes ,  t r anspor t a t ion  areas, urban areas, ind iv idua l  bu i ld ings ,  and water 
areas. An important f e a t u r e  of most of t hese  s t u d i e s  has been the  comparisons 
of photographs taken a t  d i f f e r e n t  po in t s  i n  t i m e  t o  measure changes i n  land use.  
A desc r ip t ion  of t he  comparison method of photo i n t e r p r e t a t i o n ,  with re ference  
t o  ERS land use s t u d i e s ,  has  been provided by D i l l  (17). 

This method has  y ie lded  use fu l  da t a  on 

The Bureau of Agr i cu l tu ra l  Economics, predecessor t o  ERS, prepared a 
1:5,000,000 scale map of t h e  48 contiguous S t a t e s ,  based on photo i n t e r p r e t a -  
t i o n ,  showing 13  classes o r  a s soc ia t ions  of land  use and n a t u r a l  vege ta t ion ,  
I n  t h i s  case,  small-scale photo mosaics were in t e rp re t ed  on a county-by-county 
bas i s .  Actually,  t h e  mapping problem was not  so much one of i n t e r p r e t a t i o n  
(much information on the  na ture  and loca t ion  of land uses  w a s  ava i l ab le )  as 
one of l oca t ing  boundaries between classes with g r e a t e r  geoRraphic p rec i s ion  
than had previously been achieved wi th  o the r  methods. 
Land Uses i n  the  United States ' '  (now out  of p r i n t ) ,  was compiled i n  1950 by 
F. J. Marschner. 

The map, e n t i t l e d  "Major 

Type and Form of Data I 
Although aer ia l  photography gene ra l ly  serves d ive r se  purposes f o r  conven- 

t i o n a l  a g r i c u l t u r a l  app l i ca t ions ,  most such photographic d a t a  r e l a t e  t o  e i t h e r  
land use o r  land c a p a b i l i t y .  The ASCS and SRS crop i d e n t i f i c a t i o n  and measure- 
ment a c t i v i t i e s  and the  ERS economic s t u d i e s  y i e l d  q u a n t i t a t i v e  d a t a  on crops,  
cropland, urban land ,  and o the r  land uses.  I n  c o n t r a s t ,  range resources  inven- 
t o r i e s  and s o i l  surveys r e s u l t  i n  q u a l i t a t i v e  d a t a  on n a t u r a l  f e a t u r e s  and 
condi t ions  a f f ec t ing  p o t e n t i a l  land use.  
i n  the  var ious conservat ion ac t iv i t i e s  of SCS. 

Often, both types of da t a  are obtained 

Aerial photographic d a t a  obtained f o r  a g r i c u l t u r a l  app l i ca t ions ,  wi th  minor 
except ions such as ind iv idua l  ob jec t  counts ,  are i n i t i a l l y  mapped on t h e  photo- 
graphs.  The f i n a l  product may be e i t h e r  area d a t a  i n  s t a t i s t i ca l  form, d i s t r i -  
bu t iona l  da t a  i n  map form, o r  both.  The product ion adjustment and land use 
programs, crop and l i v e s t o c k  surveys,  and economic s t u d i e s  a l l  r e q u i r e  area 
d a t a  on p a r t i c u l a r  land uses.  
end. 
a spec t s  of s o i l s  and range resources ,  but  no t  t o  t h e  exc lus ion  of area d a t a .  
The f i n a l  product may be e i t h e r  (1) a photo mosaic wi th  l inework and.annota- 
t i o n s  added, as presented i n  a l l  r ecen t  s o i l s  survey r e p o r t s ,  o r  (2) a p lan i -  
me t r i c  map. 
use maps and area d a t a  der ived therefrom o f t e n  are developed and used j o i n t l y  
i n  f lood con t ro l  surveys,  farm conservat ion planning,  and r e l a t e d  ac t iv i t ies .  

The mapping s t e p  normally i s  only a means t o  an 
Range resources  inven to r i e s  and s o i l  surveys emphasize t h e  d i s t r i b u t i o n a l  

Both permit genera t ion  of area d a t a  as des i r ed .  Land capab i l i t y -  
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Advantages of Aerial Photography 

Aerial photographic methods f o r  a g r i c u l t u r a l  ob jec t ives  o f f e r  advantages 
over the  alternatives--mainly ground surveys. The two e s p e c i a l l y  valuable  
assets of aerial photography are t h e  e s s e n t i a l l y  c o r r e c t  geometry and abundant 
p i c t o r i a l  d e t a i l ,  which i n  mapping a c t i v i t i e s  make unnecessary much of the  
preliminary task  of developing ho r i zon ta l  cont ro l  by ground t raverse .  The 
d e t a i l  i n  aerial photography f a c i l i t a t e s  the survey process  by providing more 
o r i e n t a t i o n  po in t s  than car tographic  presentat ions.  

Consistency and r e l i a b i l i t y  of da t a  a re  o f t e n  improved by using photog- 
raphy. The enumerative crop surveys of SRS, f o r  example, a r e  conducted on a 
sample b a s i s  i n  which small e r r o r s  i n  crop acreages would be mul t ip l ied  many 
t i m e s  i n  expansion. 
topographic maps t o  county highway maps. 
d e t a i l  depicted and geometric f i d e l i t y .  Thus, a i r  photographs se rv ine  a s  
segment and farm maps provide super ior  da t a  i n  t h i s  appl ica t ion .  

Map coverage of t he  sample segments v a r i e s  from standard 
These maps d i f f e r ,  of course,  i n  

Aerial photography a l s o  provides a means of obtaining t imely d a t a  not 
a v a i l a b l e  from scheduled ground surveys. 
information on crop spec ies ,  acreage, and o ther  da t a  a t  5-year i n t e r v a l s  and 
publ i shes  i t  by count ies .  
estimates and o the r  purposes which r equ i r e  p rec i se ly  located annual da ta .  The 
comparative photo i n t e r p r e t a t i o n  s t u d i e s  of ERS y i e l d  h i s t o r i c a l  land use da t a  
not  otherwise obtainable .  These d a t a  reveal  t h e  na tu re  and ex ten t  of change 
by precise geographic loca t ion ,  while t r a d i t i o n a l  h i s t o r i c a l  s ta t is t ics  show 
only o v e r a l l  n e t  changes f o r  an area. 

The census of a g r i c u l t u r e  ga thers  

These d a t a  a r e  not adequate f o r  crop production 

The advantages of aerial  photography mentioned above are not  exhaust ive 
bu t  are i l l u s t r a t i v e  of t he  economies i n  t i m e ,  e f f o r t ,  and cos t .  Some of these  
advantages,  as w e l l  as o the r s ,  have been discussed with p a r t i a l l y  d i f f e r e n t  
emphasis i n  an ar t ic le  by D i l l  (18). 

AGRICULTURAL REMOTE SENSING RESEARCH 

Aerial photography i n  a g r i c u l t u r e  would be considerably more veliiable if 
crop spec ie s ,  crop and range condi t ions ,  s o i l  types,  and l i ves tock  could be 
accu ra t e ly  and cons i s t en t ly  i d e n t i f i e d .  Data of t hese  types would have poten- 
t i a l  a p p l i c a t i o n  i n  surveys of a g r i c u l t u r a l  production and production p o t e n t i a l  
and i n  t h e  c o n t r o l  of crop d iseases ,  noxious p l an t s ,  and i n s e c t s .  The poten- 
t i a l  a g r i c u l t u r a l  value of spec ia l ized  aerial photography, as w e l l  as the  more 
l i m i t e d  va lue  of conventional aerial photography, has been recognized i n  sev- 
eral  cu r ren t  o r  r ecen t ly  completed experiments concerned with t h e  development 
of sensor  image s p e c i f i c a t i o n s  and i n t e r p r e t a t i o n  techniques ( t a b l e  2) .  Some 
of t h e  f ind ings  have had l imi ted  l o c a l  appl ica t ion .  

Experiments with Panchromatic Photomaphy 

Crop spec ie s  i d e n t i f i c a t i o n  is required f o r  t h e  production adjustment and 
l and  use programs and i n  crop y i e ld  predict ion.  
ers have inves t iga t ed  the  p o s s i b i l i t i e s  of using panchromatic photographs f o r  

Accordingly, s eve ra l  research- 
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Table 2.--Experiments with remote sensing in agriculture 

Inve s t ig a t o r Image 
Type 

Mu1 tiband 
photography 

Subject Scale 
1: 12 , 000 

and 
larger 

~~ 

Wright Identification of crops and 
cropping practices 

Clair Hill & 
Associates &/ 

Infrared 
photography 

Crop identification and 
mapping 

1:24,000 

Goodman Panchromatic 
photography 1:5,000 Crop identification 

S teiner Panchromatic 
photography 

Crop identification; pasture 
classification 1: 20,000 

Brunnschweiler Panchromatic 
photography 

~ 

Crop identification 1: 13,000 

Colwell Mu1 tiband 
photography 

1:10,000 

1: 2,000 
to 

Crop identification; disease 
detect ion 

Charter Infrared 
photography 

Plant stress analysis; yield 
p red ic t ion 1: 5,000 

Brenchley & Dadd Infrared 
photog r aphy 1 : 12,000 Disease detection 

Manzer & Cooper Infrared 
photography Large Disease detection 

Crop & Livestock 
Reporting Service 
(Calif.) IJ 

Panchromatic 
photography 1: 17,000 Crop, production estimation 

Colwell Mu1 ti b and 
photography 

1:20,000 

1: 2,000 
to Range conditions appraisal 

Colwell 
~~ ~ 

Large Multispectral 
imagery 

Crop and livestock 
identification 

Holter & Shay Multispectral 
imagery 

Identification of crop species 
and soil properties; crop 
vigor analysis 

Myers Measurement of soil moisture 
and salinity 

Multispectral 
imagery 

Radar 

Large 
~~ ~- 

Simonett, et a1 Vegetation and so i l s  
classification Large 

- 1/ Limited operational application 
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t h i s  purpose. I n  a 1959 r epor t  excerpted from her  doc tora l  d i s s e r t a t i o n ,  Good- 
man @) described a technique f o r  ident i fy ing  crops on panchromatic photography. 
The technique pr imar i ly  takes  advantage of the p r i n c i p l e  t h a t  i n  crop growth an 
optimum s t a g e  e x i s t s  f o r  d i s t i ngu i sh ing  on a e r i a l  photography among the  seve ra l  
crops i n  any a g r i c u l t u r a l  area. 

The s tudy area consis ted of 13 square miles i n  nor theas t  I l l i n o i s ,  which 
w a s  photographed a t  the  s c a l e  of 1:5,000 on n ine  separa te  occasions over the  
growing season. Analysis of t he  photographs ind ica ted  t h a t  corn, soybeans, 
wheat, o a t s ,  ba r l ey  and hay are i d e n t i f i a b l e  by t h e i r  t ona l  and t e x t u a l  qual- 
i t ies  and by assoc ia ted  o b j e c t s  such as farm implements, l anes ,  and haystacks.  
The t e x t u a l  q u a l i t i e s  and assoc ia ted  ob jec t s  were evaluated with a s tereoscope 
f o r  crop i d e n t i f i c a t i o n  c lues ,  while t ona l  q u a l i t i e s  were measured with a 
densi tometer ,  Other f ind ings  showed t h a t  (1) photographs taken during the  
second ha l f  of Ju ly  provided optimum c r i t e r i a  f o r  crop d i f f e r e n t a t i o n  i n  the  
s tudy area, and (2) v a r i a t i o n s  i n  phys ica l  condi t ions and farm p r a c t i c e s  had 
l i t t l e  e f f e c t  on the  photographic appearance of crops.  

The p i c t o r i a l  v a r i a t i o n s  of t he  a g r i c u l t u r a l  landscape over the  seasons,  

Brunnschweiler (5) analyzed seven sets of photographs taken during t h e  
as recorded on panchromatic f i lm,  a l s o  have been ob jec t s  of s t u d i e s  i n  Switzer- 
land. 
course of 1 yea r  a t  the  s c a l e  of 1:13,000 covering a small area i n  the  v i c i n i t y  
of Zurich. Units f o r  i n t e r p r e t a t i o n  included cropped f i e l d s ,  p a s t u r e ,  and 
f o r e s t .  The study concluded t h a t  most crops and a l l  land use types i n  the  
environment s tud ied  e x h i b i t  s p e c i f i c  p i c t o r i a l  c h a r a c t e r i s t i c s  which r e l a t e  t o  
t i m e  of year  and which can be i d e n t i f i e d  by tone,  t ex tu re ,  and s te reoscopic  
appearance on a properly spaced series of panchromatic photographs a t  the  scale 
employed. 

S t e i n e r  (3, pp. 594-599) compared two series of panchromatic photographs 
of an a l p i n e  a r e a  i n  the  canton of Grisons character ized by the  c l a s s i c  agri- 
c u l t u r a l  p r a c t i c e  of transhumance; one s e r i e s  w a s  taken i n  e a r l y  June 1941 and 
t h e  o t h e r  i n  l a te  June and August 1954. 
t h e  s t r i k i n g  d i f f e rence  between improved and unimproved meadows t h a t  is v i s i b l e  
on photographs taken i n  e a r l y  June. A t  t h i s  t i m e ,  the  advanced growth of 
improved meadows, r e l a t i v e  t o  t h a t  of unimproved meadows, i s  r e f l e c t e d  i n  
p l a n t  c o l o r  and consequently i n  photographic tone.  
photographs a t  the  r e l a t i v e l y  small scale of 1:20,000. 
gu ishable ,  as were, i n  most cases, the  ind iv idua l  spec ies  of small g ra ins .  
The study concluded t h a t  s equen t i a l  photography taken a t  proper stapes of crop 
growth bu t  i n  d i f f e r e n t  years  is  adequate f o r  carrying out a nea r ly  complete 
land use i n t e r p r e t a t i o n  i n  areas where t h e  vege ta t ive  cover changes only 
s l i g h t l y  from year  t o  year.  

Among the  s i g n i f i c a n t  f i n d i n w  was 

Crops were i d e n t i f i e d  on 
Potatoes  were d i s t i n -  

Curren t ly ,  the  Ca l i fo rn ia  Crop and Livestock Reporting Service success fu l ly  
uses  aerial panchromatic photography t o  estimate accumulative r a i s i n  production 
as the  ha rves t  season advances. The r a i s i n  area, cons is t ing  of some 800 square 
m i l e s  centered near  Fresno, is  photographed approximately seven times a t  a 
1:17,000 scale with a panoramic system during the  harves t  season of about 6 
weeks. 
a sampling procedure is used t o  estimate the po r t ion  harvested f o r  r a i s i n s  of 
t h e  t o t a l  known grape acreage. Dots superimposed over sample p l o t s  on master 

Although complete photographic coverage is  obtained i n  these  missions,  
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photographs taken during the  f i r s t  survey of the  season are observed on suc- 
ceeding opera t iona l  f i l m  t o  determine whether o r  not  they f a l l  i n  areas where 
grapes a re  drying on t r a y s  t o  form rais ins .  
by (1) t ray  counts on t h e  photographs and (2) ground v is i t s  on a subsample 
b a s i s  t o  weigh and count the  number of t r a y s  i n  spec i f i ed  areas. 
appl ica t ion  of aerial  photography has considerable  economic s ign i f i cance ,  s ince  
growers m u s t  decide a t  what po in t  the  an t i c ipa t ed  market demand f o r  ra i s ins  has  
been s a t i s f i e d .  
can be more p r o f i t a b l y  d iver ted  t o  wine production (42). 

An i nd ica t ion  of y i e ld  i s  obtained 

This unique 

When t h i s  condi t ion  has been m e t ,  the  remaining grape harves t  

Panchromatic aerial photographs a l s o  y i e l d  information on t h e  f looding of 
a g r i c u l t u r a l  land.  
support  dec is ions  on precaut ionary measures. 
is  being flooded w i l l  i n d i c a t e  where rescue e f f o r t s  should be d i r ec t ed .  
graphic coverage as flood waters recede records damage t o  crops,  s o i l ,  and 
f a c i l i t i e s .  I f  taken pe r iod ica l ly  dur ins  t h e  f lood,  photos permit accura te  
estimates of the  period t h a t  crops have been inundated and, consequently, can 
be the  bas i s  f o r  estimates of the probable crop mor t a l i t y  o r  y i e ld  reduct ion 
from t h i s  cause (3, pp. 615-624). The SCS has a l s o  used photos i n  developing 
maps of flood-prone areas and f o r  e s t a b l i s h i n g  f lood stage-area r e l a t ionsh ips .  

Timely photography taken as a flood t h r e a t  develops may 
Photographs taken while an area 

Photo- 

Experiments with Inf ra red  Photography 

Imagery formed by sensing i n  .the t r a n s i t i o n a l  zone between the  v i s i b l e  and 
i n f r a r e d  regions of t he  spectrum (photographic o r  near in f r a red )  has added a 
new dimension t o  the  use  of aerial photography i n  ag r i cu l tu re .  
researchers  have found i t  p a r t i c u l a r l y  u s e f u l  i n  def in ing  areas of vege ta t ion  
stress. According t o  Charter e), i n f r a r e d  photography of 1:20,000 scale and 
larger provides information t h a t  can a i d  m a t e r i a l l y  i n  eva lua t ing  crop response 
t o  f e r t i l i z e r ,  i n s e c t i c i d e s ,  and p e s t i c i d e s ,  and i n  de t ec t ing  and de l inea t ing  
weed and disease i n f e s t a t i o n s .  Its u t i l i t y  a t  1:5,000 scale w a s  i l l u s t r a t e d  
by a case  i n  which a diseased condi t ion  (oak root  r o t  fungus) was de tec ted  on 
plum trees before  the  condi t ion w a s  v i s i b l e  t o  a ground observer.  

Various 

The buildup of a pota to  b l i g h t  epidemic i n  the  Fenland a r e a  of England has 
been recorded on sequen t i a l  i n f r a r e d  photography by Brenchley and Dadd (4). 
The negat ives ,  viewed over a l i g h t  t a b l e ,  showed t h e  d i s e a s e  p a t t e r n  spreading 
a t  an i r r e g u l a r  rate from one focus t o  numerous daughter f o c i  and f i n a l l y  t o  
epidemic proport ions.  

Detection of late b l i g h t  and relative measurements of po ta to  f o l i a g e  dam- 
age have a l s o  been accomplished on large-scale in f r a red  photography by Manzer 
and Cooper. A/ The in t e rp re t ed  r e s u l t s  from a series of i n f r a r e d  experiments 
compared favorably with d isease  s e v e r i t y  r a t i n g s  made by s tandard f i e l d  methods. 
Similar  t o  observat ions c i t e d  elsewhere i n  t h i s  r e p o r t ,  l a te  b l i g h t  i n f e c t i o n  
was de tec tab le  on in f r a red  photography be fo re  i t  w a s  r e a d i l y  apparent v i s u a l l y .  

4/ Personal communication from F. E.  Manzer, Professor  of P lan t  Pathology, 
DeparTment of Botany and Plan t  Pathology, Univers i ty  of Maine. 
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Inf ra red  photography has a l s o  been used on tes t  sites i n  Texas t o  map t h e  
ex ten t  and eva lua te  the  s e v e r i t y  of s a l i n e  condi t ions assoc ia ted  with f luc tu-  
a t ing  water t a b l e s  (39). I n  t h i s  experiment, co t ton  su f fe r ing  from physiolog- 
ical  drought as a r e s u l t  of s a l i n e  conditions i n  the  1 t o  &foot  s o i l  p r o f i l e  
was found t o  photograph i n  tones varying with the  s e v e r i t y  of s a l i n e  condi t ions.  

Clair H i l l  and a s soc ia t e s ,  a consulting engineering f i rm,  has  employed 
i n f r a r e d  photography t o  map the  160,000 acre  Glenn-Colusa I r r i g a t i o n  District 
i n  Ca l i fo rn ia  (34). 
vidual  f i e l d s  and (2) i d e n t i f y  by photo i n t e r p r e t a t i o n  some 60,000 ac res  planted 
with rice. 
and t o  meet the  requirements of t he  ASCS r i c e  program. 
was se l ec t ed  f o r  use a f t e r  some experimentation s ince  i t  emphasizes the  appear- 
ance of water bodies.  F i e lds  flooded a t  the t i m e  of photographic coverage were 
e a s i l y  spot ted  i n  the  photographs, and t h e i r  i d e n t i f i c a t i o n  w a s  tantamount t o  
iden t i fy ing  rice i t s e l f .  
between economy and accuracy. This photography was used i n  conjunction with 
spec ia l i zed  photogrammetric equipment t o  compile large-scale  planimetr ic  and 
photo maps on which f i e l d  acreages were measured. 

The ob jec t ives  were t o  (1) determine the  acreage of ind i -  

The acreage determinat ions were needed f o r  water b i l l i n g  purposes 
Inf ra red  photography 

A scale of 1:24,000 was se l ec t ed  as a compromise 

Experiments with Multiband Photonraphy 

The value of multiband photography 21 f o r  i den t i fy ing  cereal crops and 
c e r t a i n  d i seases  a f f e c t i n g  such crops has been t e s t ed  i n  a c l a s s i c  study by 
Colwell (12). H i s  ob jec t ives  were (1) t o  determine the  aerial photographic 
s p e c i f i c a t i o n s  necessary f o r  de t ec t ing  and iden t i fy ing  c e r t a i n  important d i s -  
eases i n  wheat, o a t s ,  ba r l ey ,  and rye,  and (2) t o  a s c e r t a i n  the  f e a t u r e s  by 
which these  crops and t h e i r  spec i f ied  d iseases  might be i d e n t i f i e d  on photo- 
graphs taken i n  accordance wi th  these  spec i f i ca t ions .  

Several  promising f i l m - f i l t e r  combinations were se lec ted  f o r  t h e  experi-  
ment on the  b a s i s  of spectrophotometric ana lys i s  of l i g h t  r e f l ec t ed  from leaves 
of hea l thy  and diseased c e r e a l  crops.  The se l ec t ed  f i lms ,  including panchro- 
mat ic ,  c o l o r ,  i n f r a red ,  and co lo r  i n f r a red ,  were exposed over open f i e l d s  and 
and c a r e f u l l y  con t ro l l ed  nursery p l o t s  a t  severa l  l oca t ions  and under var ious 
condi t ions.  
sets of photographs flown t o  proper spec i f i ca t ions ,  i t  i s  usua l ly  poss ib le  t o  
i d e n t i f y  (1) hea l thy  wheat, oa t s ,  bar ley ,  and rye ,  and (2) wheat and o a t s  
i n f e s t e d  wi th  black stem r u s t ,  and o a t s  i n fe s t ed  with yellow dwarf v i rus .  In  
t h e  f i n a l  s p e c i f i c a t i o n s ,  panchromatic and i n f r a r e d  photographs a t  scales as 
small as 1:20,000 had value f o r  de t ec t ing  tona l  d i f fe rences .  
of s e l e c t e d  p o i n t s  a t  scales as l a r g e  a s  1:500 might be required f o r  accurate  
estimates of d i sease  s e v e r i t y  and r e s u l t a n t  y i e l d  reduct ion.  
f o r  most of t h e  t a sks  ranged between 1:2,000 and 1:10,000. 

Analysis of t he  photographs indicated t h a t ,  by using two o r  t h ree  

Color photographs 

Scales spec i f i ed  

Experimenting on range herbage, Colwell has found t h a t  spec ia l ized  photog- 
raphy w i l l  provide information not  normally ava i l ab le  from the  photography 
employed by t h e  FS and BLM i n  range surveys (10). I n  t h i s  case, he c l a s s i f i e d  

5 /  The term "multiband" refers t o  images formed, usua l ly  simultaneously,  
i n  more than one po r t ion  of t he  photographic region of the  electromagnetic 
spectrum and analyzed j o i n t l y .  



range herbage i n  seve ra l  f o o t h i l l  areas of Contra Costra County, C a l i f . ,  i n t o  
th ree  carrying capaci ty  classes l a rge ly  on the  b a s i s  of photographic co lor  and 
tone.  Ground checks following t h e  i n t e r p r e t a t i o n  confirmed t h a t  t he  c l a s s i f i -  
c a t i o n  w a s  w e l l  wi th in  acceptable  accuracy l i m i t s  f o r  range surveys.  

For t h e  study, s eve ra l  f i l m - f i l t e r  combinations were exposed a t  scales 
between 1:2,000 and 1:20,000 during each of the  four  seasons,  although la te  
spr ing  w a s  found t o  be t h e  optimum t i m e  f o r  photographic coverage. Ektachrome 
f i lm  with a haze-cutting f i l t e r  yielded the  bes t  r e s u l t s .  As a cos t  consider- 
a t i o n ,  a s c a l e  of 1:5,000 was spec i f i ed ,  bu t  spo t  coverage a t  l a r g e r  scales was 
regarded as des i r ab le .  

Researchers a t  Cornel1 Universi ty ,  as reported by Wright and Schepis (571, 
inves t iga ted  the  u t i l i t y  of aerial photography i n  agronomic surveys.  
t he  researchers  were motivated by the  need f o r  a rapid and economical method of 
obta in ing  unbiased information on the  na ture  of farming p r a c t i c e s  i n  New York. 
This s tudy involved panchromatic photography a t  the  scale of 1:12,000 and pan- 
chromatic, c o l o r ,  and in f r a red  photography at l a r g e r  scales covering a 7O-mile 
s t r i p  i n  Je f fe rson  County. With t h i s  s e l e c t i o n  of f i lm and scales, the  agron- 
omis ts - in te rpre te rs  were ab le  (1) t o  observe how c lose ly  the  farmers followed 
extension se rv ice  advice regarding t ime l ines s  of hay ha rves t ,  (2) t o  expla in  
previously observed v a r i a t i o n s  i n  harves t  d a t e s  f o r  corn,  and (3) t o  deduce the  
length of crop r o t a t i o n .  Other photo i n t e r p r e t a t i o n s  included i d e n t i f i c a t i o n  
of the  major crops of the  area (corn, o a t s ,  and hay) and one spec ie s  of weed. 

I n  genera l ,  

Research on the  usefulness  of aerial photography i n  l i ves tock  inven to r i e s  
is  cur ren t ly  underway i n  Ca l i fo rn ia ,  where Colwell (8) i s  attempting t o  develop 
photographic s p e c i f i c a t i o n s  and i n t e r p r e t a t i o n  techniques f o r  enumerating l i ve -  
s tock  by spec ies ,  use, breed, sex,  age, and vigor .  The relative merits of 
var ious f i l m - f i l t e r  combinations f o r  t hese  purposes have been in t ens ive ly  eval-  
uated under simulated condi t ions.  Selected combinations have a l s o  undergone 
l imi ted  t e s t i n g  a t  low a l t i t u d e s  on r ep resen ta t ive  range and pas ture lands .  
most s i t u a t i o n s  s tud ied ,  the  optimum aerial photographic s p e c i f i c a t i o n s ,  i n  
view of cost  f a c t o r s ,  c a l l e d  for panchromatic f i lm,  a Wratten 1 2  or  2% f i l t e r ,  
and a sca l e  of  approximately 1:6,000. 

I n  

Experiments with Nonphotographic ImaRery 

Researchers a t  s eve ra l  i n s t i t u t i o n s  are c u r r e n t l y  engaged i n  i n v e s t i g a t i o n s  
t o  determine the  spectral d i f f e rences  shown by crops,  s o i l s ,  and o t h e r  elements 
of the  a g r i c u l t u r a l  environment when they are observed simultaneously i n  var ious  
po r t ions  of the  nonphotographic as w e l l  as photographic region of t h e  spectrum.k/ 
Among these  researchers  are (1) Holter ,  Lowe, Shay, e t  a l ,  who are j o i n t l y  
engaged i n  a s tudy involving the  Universi ty  of Michigan and Purdue Univers i ty ;  
(2) colwel l ,  e t  a l ,  working on the  Davis Campus of t h e  Universi ty  of Ca l i fo rn ia  
t o  i d e n t i f y  both crops and l i v e s t o c k  by m u l t i s p e c t r a l  remote sensing techniques;  
and (3)  Myers, e t  a l ,  working a t  Weslaco, Tex., on s a l i n i t y  and s o i l  moisture  

- 6/  The term "mult ispectral"  is  used h e r e a f t e r  t o  des igna te  imagery formed, 
usua l ly  simultaneously, i n  more than one s p e c t r a l  region and analyzed j o i n t l y .  
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problems of i n t e r e s t  t o  a g r i c u l t u r i s t s .  L/ 
extensions of photographic remote sensing i n  which r e l a t i v e l y  gross  s p e c t r a l  
d i f f e rences  exhib i ted  by n a t u r a l  and c u l t u r a l  phenomena have been d i f f e r e n t i a t e d  
with abundant success.  I n  theory,  minute s p e c t r a l  d i f f e rences  are suscept ib le  
t o  de t ec t ion  and measurement as w e l l ,  p a r t i c u l a r l y  when these  d i f f e rences  are 
sensed simultaneously a t  i n t e r v a l s  over a broad por t ion  of t he  spectrum and are 
analyzed e l e c t r o n i c a l l y .  The hope i s  t h a t  unique tona l  "signatures" r e f l e c t i n g  
these  s l i g h t  s p e c t r a l  d i f fe rences  w i l l  be discovered f o r  numerous ob jec t s  and 
condi t ions i n  the  a g r i c u l t u r a l  environment. 

These research e f f o r t s  are l o g i c a l  

The following account of mul t i spec t r a l  sensing research a t  Michigan and 
Purdue Un ive r s i t i e s  is  based on the  f i r s t  progress r epor t  by Holter ,  Lowe, and 
Shay (26) and on subsequent communications from these  and o t h e r  members of the  
inves t iga t ing  team: 

The a i rborne  instrumentat ion system employed cons i s t s  of two multichannel 
optical-mechanical scanners and several photographic cameras. One of the  scan- 
ne r s  i s  adjusted t o  d e t e c t  r ad ian t  energy a t  i n t e r v a l s  i n  the  1.5 t o  5.5 micron 
wavelength range of the  electromagnetic spectrum. Imagery formed by sensing i n  
t h i s  range r e s u l t s  l a rge ly  from emitted r a the r  than r e f l e c t e d  r ad ia t ion  and thus 
can be produced day and n ight .  The o the r  scanner, operat ing i n  the 0.32 t o  0.38 
micron range ( u l t r a v i o l e t )  and i n  the  1.5 t o  1.7 micron range ( i n f r a r e d ) ,  is  
used only i n  day l igh t  s ince  r e f l e c t e d  energy predomfnates i n  these ranges. The 
several cameras are equipped with f i l m - f i l t e r  combinations permit t ing operat ion 
i n  var ious  bands of the  v i s i b l e  and near-infrared regions of the  spectrum. One 
camera conta ins  mul t ip le  lenses and produces photographs i n  e i g h t  narrow bands 
and one broad band throughout t he  photographic region (0.38-.89 microns). 

This system was used f o r  observat ions a t  i n t e r v a l s  throughout the  1964 
growing season, with farms i n  the  Purdue Experiment S t a t i o n  Complex a t  Lafaye t te ,  
Ind.,  as test sites. F ie lds  i n  t h i s  area contained a l l  major crops and g ra ins  
of the  Midwest, a number of crops important ou ts ide  t h a t  region, var ious vege- 
t a b l e  and tree f r u i t  crops,  and con i f e r  and hardwood trees. An abundance of 
t a r g e t  v a r i a t i o n s  ex is ted  as these vege ta t ive  types represented numerous spec ies  
and v a r i e t i e s  grown under d iverse  conditions.  The p lan  ca l l ed  f o r  f i v e  t o  eiRht 
missions of s i x  f l i g h t s  each, with t h e  s i x  f l i g h t s  of each mission t o  be spaced 
throughout a 24-hour per iod.  The arrangement permit ted measurement of the  
e f f e c t s  assoc ia ted  with crop growth, changes i n  sun angle,  and the  d i u r n a l  
heat ing and cooling cycle .  t h i s  schedule 
was maintained i n  essence.  S i m i l a r  observations have now been obtained during 
subsequent growing seasons and s t i l l  o the r  f l i g h t s  a r e  planned. 

Although modified a t  seve ra l  po in t s ,  

Severa l  environmental parameters expected t o  a f f e c t  t he  appearance of the  
imagery were measured a t  se l ec t ed  si tes on the  ground. 
measured and recorded micro d i f f e rences  i n  (1) incoming and outgoing s o l a r  and 
long-wave r a d i a t i o n ,  (2) sens ib l e  temperatures, (3) water vapor content  of the  

NatioGal Aeronautics and Space Administration and have s i g n i f i c a n t  support  from 
o t h e r  Federal  agencies.  
Nat ional  Research Council is  serv ing  i n  an advisory capac i ty  and ind iv idua l  
members of t h e  committee are performing serv ices  f o r  the  p ro jec t .  

A por tab le  system 

7/ These s t u d i e s  are a l l  being conducted under research g ran t s  from the  

A committee of the National Academy of Sciences '  
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air, (4) wind velocity above the vegetative canopy, (5) barometric pressure, 
and (6) soil moisture. These data were supplemented by conventional weather 
observations and Experiment Station records. 

The imagery from the series of missions is currently being analyzed. 
significant breakthrough which will permit rapid and consistent identification 
of crops has been achieved as yet, but the investigators and their advisors 
remain optimistic. In support of this attitude, they point out that other 
spectral bands remain to be investigated and that many possibilities exist for 
modifying or improving the instrumentation. With respect to identification of 
soil characteristics by spectral matching techniques, the findings to date 
reportedly are discouraging. 

No 

Colwell, et a1 (13), and Myers, et a1 (x), have reported on multispectral 
sensing research at Davis, Calif., and Weslaco, Tex., respectively. These 
research efforts are broadly similar to the effort at Purdue, as all three seek 
to determine and exploit the varied spectral responses of agricultural targets 
when they are observed in portions of more than one spectral region. 
for identifying livestock, as well as crops, are under development at Davis, 
while experiments at Weslaco are directed toward relative measurement of sub- 
surface moisture and salinity conditions. The investigators at both locations 
are continuing previous work on these subjects involving visual interpretation 
of aerial photographs. Their previous efforts can be described as experimen- 
tally successful, but the supplemental use of nonphotographic imagery, partic- 
ularly thermal infrared, has yielded additional information in both instances. 

Techniques 

Another research team located at the University of Kansas is investigating 
the potential of radar sensors for identifying soils and vegetation. 
national security reasons, the details of this work and particularly of the 
instrumentation are not available. The state of present development in the 
field has been summarized by Simonett E), as follows: 

For 

"Studies.. .have shown that single radar images of the type expected from 
orbital radar can be useful as a tool for study of some soil distributions at 
the soil association level of generalization in grassland or lightly treed 
environments. 

...p reliminary study suggests that multiple polarization will add to the 
present capability in helping to distinguish additional soils units through 
variations in natural plant communities. 

... other studies...have indicated that natural and cultivated vegetation 
change in their radar reflection characteristics with phenologic variations, 
and the change in radar characteristics may thus serve as a tool for identiff- 
cation of a plant community or crop within certain probability limits. V I  

II The report goes on to say, Use of several polarizations raises the number 
of parameters available for differentiation and increases the probability of 
correct identification. The principle in essence is the same as multiband 
Spectral reconnaissance, except time varying and polarization parameters con- 
stitute the information matrix." 



MAJOR FACTORS AFFECTING SATELLITE RECONNAISSANCE CAPABILITIES 

Sensor c a p a b i l i t y  

P o t e n t i a l  a g r i c u l t u r a l  appl ica t ions  of sa te l l i t e  imagery must necessa r i ly  
be i d e n t i f i e d  by consider ing the  imagery requirements f o r  i nd iv idua l  applica- 
t i o n s  i n  r e l a t i o n  t o  remote reconnaissance c a p a b i l i t i e s .  Actual ly ,  t he  imagery 
requirements f o r  a g r i c u l t u r a l  surveys cannot be s t a t e d  exac t ly ,  except i n  a few 
ins t ances  where minimum s p e c i f i c a t i o n s  have been determined experimentally t o  
be very rigorous.  
a l t i t u d e s  must be based on p a r t i c u l a r l y  l imited experience,  s ince  re levant  
sa te l l i te  imagery ava i l ab le  t o  da te  does not represent  t h i s  p o t e n t i a l .  
t h e  ques t ion  of t echn ica l  f e a s i b i l i t y  can be answered s a t i s f a c t o r i l y  by de ter -  
mining whether the  minimum requirements fo r  p a r t i c u l a r  app l i ca t ions  are e i t h e r  
r e a l i s t i c a l l y  wi th in  o r  beyond the  c a p a b i l i t i e s  of sensors  on space platforms. 
The major f a c t o r s  governing remote reconnaissance c a p a b i l i t i e s  w i l l  be consid- 
e red  f i r s t .  

Evaluation of remote reconnaissance c a p a b i l i t i e s  from space 

However, 

Camera In f r a red  Radar 

C h a r a c t e r i s t i c s  of  Remote Sensors 

The a r r a y  and na ture  of sensor  types usable f o r  a g r i c u l t u r a l  reconnaissance 
has  n o t  been f u l l y  considered i n  cu r ren t  l i t e r a t u r e  on remote sensing. These 
sensors--photographic, i n f r a red ,  and microwave systems ( including radar)--  
func t ion  fundamentally by recording r e f l ec t ed  o r  emit ted energy from physical  
ob jec t s  o r  condi t ions.  They d i f f e r  pr imari ly  i n  t h a t ,  as t h e  names imply, 
each is  s e n s i t i v e  t o  energy of a l imi ted  and l a r g e l y  nonoverlapping wavelength 
range wi th in  t h e  t o t a l  e lectromagnet ic  spectrum. Numerous v a r i e t a l  d i f f e rences  
have appeared as a r e s u l t  of instrumentat ion design, type,  and format of record- 
ing  medium, e t c .  ( t a b l e  3). 

Day/night s e n s i t i v i t y  ............ 
Haze-fog penetration.. . . . . . . . . .  .. 
Cloud penetration................ 
Temperature discrimination.. . . . . .  
Subsurface detection... . . . . . . . . . .  
S te reo  c a p a b i l i t y  ................ 
Accurate image representation.. . .  
Long-range capabi l i ty . . . .  ........ 
Resolution....................... 
C l a r i t y  o r  images.... ............ 
A v a i l a b i l i t y  of equipment........ 

5 
3 
1 
2 
4 

10 
9 
7 

I 9 
9 

~ lo 

10 
6 
2 

10 
6 
2 
6 
4 
7 
6 
4 

10 
10 

9 
1 
3 
3 
5 
8 
5 
6 
4 

- 1/ As summarized by Leonard0 (32). I n  the  s c a l e ,  poor - 0 and 
good = 10. 
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Of the th ree  sensor  types l i s t e d  i n  t a b l e  3, photographic cameras have 
been developed t o  the  h ighes t  state of per fec t ion .  
sensor  types, photographic systems possess higher  r e so lu t ion  c a p a b i l i t i e s  and 
supe r io r  metr ic  q u a l i t i e s ,  and photographic i n t e r p r e t a t i o n  techniques are 
r e l a t i v e l y  w e l l  developed. Nonphotographic sensors  record add i t iona l  r e f l ec -  
t i v e  and emissive q u a l i t i e s  of ob jec t s  and a l s o  provide a p o t e n t i a l  day-night 
and all-weather sensing capab i l i t y .  Hence, informational  ga ins  can be expected 
from the  j o i n t  use of  two o r  more sensor  types.  

In  comparison with o the r  

The f ac to r s  a f f ec t ing  the  a b i l i t y  of remote sensors  t o  record targets are 
complex but r e l a t i v e l y  w e l l  known. For photographic sensors ,  t h i s  c a p a b i l i t y ,  
commonly termed resolving power, is expressed i n  l i n e s  p e r  millimeter (ground 
r e so lu t ion  i s  expressed i n  f e e t ) ,  Resolution has been defined as " the a b i l i t y  
of a f i lm o r  a l e n s ,  o r  a combination of both t o  render bare ly  d i s t ingu i shab le  
a standard p a t t e r n  cons i s t ing  of black and white l i nes  (28, p.  74)." Roughly 
f i v e  times b e t t e r  ground r e so lu t ion  i s  required f o r  ob jec t  i d e n t i f i c a t i o n  than 
f o r  ob jec t  de t ec t ion  (27). Among the  va r i ab le s  on which resolving power depend 
(not an exhaustive l i s t )  are sensor  o p t i c s ,  d i s tance  from target ,  type and for-  

m a t  of recording medium, s t r eng th  of energy source,  con t r a s t  between t a r g e t  and 
background, atmospheric condi t ions,  and recording medium processing techniques.  

The m a x i m u m  t h e o r e t i c a l  resolving power (Nm) of a photographic l e n s  may be 
expressed by the  equation Nm = 1472 lines/mm, where f-number r ep resen t s  t h e  

f-number 
r a t i o  between l e n s  aper ture  diameter and the  foca l  length  of the  o p t i c a l  system 
(41). 
r e so lu t ion  can be increased by increas ing  t h e  foca l  length of the  o p t i c s ,  pro- 
viding the  diameter of the  l ens  aper ture  i s  a l s o  increased s u f f i c i e n t l y  t o  
maintain an appropr ia te ly  low f-number. 
are approximations of the  maximum ground r e so lu t ion  obta inable  with s e l e c t e d  
foca l  lengths  and f i lm resolving powers a t  an a l t i t u d e  of 142 miles: 

A t  a given a l t i t u d e  and wi th in  l i m i t s  imposed by o the r  r e s t r i c t i o n s ,  

The following ca l cu la t ions  by Katz (2) 

Ground Resolution 
Focal Length Resultant Scale  (40 lines/mm) (100 lines/mm) 

12 inches 1/750,000 60 f e e t  
36 inches 1/250,000 20 f e e t  
120 inches 1/ 75,000 6 f e e t  

24 f e e t  
8 f e e t  

2.4 f e e t  

The r e l a t ionsh ips  between these  c a l c u l a t i o n s  a l s o  i l l u s t r a t e  t h a t  high 
reso lu t ion  and wide-area coverage are c o n f l i c t i n g  goa ls  i n  remote sensing.  
When foca l  length  is  increased,  a corresponding decrease occurs  i n  area cov- 
erage,  s ince  the  f i e l d  of view is  narrowed. The decrease i n  area coverage, i n  
tu rn ,  is re f l ec t ed  i n  image scale, determined as the  r a t i o  between f o c a l  length  
and dis tance ( a l t i t u d e ) .  
des i r ab le  f ea tu re  of sa te l l i te  reconnaissance,  t he  p r a c t i c a l  e f f e c t  is  a restric- 
t i o n  on the use of huge o p t i c s  t o  ob ta in  high r e so lu t ion .  

Since wide-area coverage is  gene ra l ly  regarded as a 

An adequate summary of the  reso lv ing  powers of nonphotographic sensors  i s  
not  ava i lab le .  Current s c i e n t i f i c  l i t e r a t u r e ,  however, impl ies  t h a t  t hese  
c a p a b i l i t i e s  are somewhat less than those of photographic sensors .  
Leonard0 assigned r e so lu t ion  values  of 9, 7 ,  and 5 t o  photographic,  i n f r a r e d ,  
and radar  sensors ,  respec t ive ly ,  i n  h i s  comparison of s enso r s  ( t a b l e  3 ) .  

For example, 
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Image I n t e r p r e t a t i o n  Capab i l i t i e s  

The state of t he  ar t  of image i n t e r p r e t a t i o n  is another bas i c  considera- 
t i o n  i n  eva lua t ing  the  p o t e n t i a l  use of s a t e l l i t e s  f o r  a g r i c u l t u r a l  observat ions.  
I n t e r p r e t a t i o n  c a p a b i l i t i e s  a t  spec i f i ed  reso lu t ions  have been summarized by the  
team of s c i e n t i s t s  responsible  f o r  managing NASA-sponsored research on remote 
sensing i n  t h e  U.S. Department of Agricul ture .  E/ The summary states: 

I. A t  a r e so lu t ion  of 30 meters, we can i n t e r p r e t  the  following: 
Timberline 
Wa t e r 1 ine  
Snow1 ine  
Deser t l ine  
Grassland-brushland i n t e r f a c e  
Brushland-timberland i n t e r f a c e  
Grassland-timberland i n t e r f a c e  
Bare s o i l  vs.  vegetated areas and ind iv idua l  f i e l d s  10 acres 

Major roads,  r a i l r o a d s ,  and waterways 
o r  more i n  s i z e  

11. A t  a r e so lu t ion  of 10 meters, w e  can i n t e r p r e t :  
Mature orchard trees 
Dominant ra in  f o r e s t  trees 
F ie lds  one ac re  o r  more i n  s i z e  
Farmsteads 
Fence l ines  used t o  con t ro l  grazing 
Areas g r e a t e r  than 30 f e e t  i n  diameter i n  a g r i c u l t u r a l  crops 

where damage has  been done by d isease ,  i n s e c t s ,  f i r e ,  storm 
o r  o t h e r  agents  

111. A t  a r e s o l u t i o n  of 2 meters, w e  can i n t e r p r e t :  
Density of woody vegeta t ion  
Ind iv idua l  tree counts 
Tree crown diameters  
Species  of  dominant trees 
Areas i n  a g r i c u l t u r a l  crops g r e a t e r  than 2 xeters i n  d i a m t e r  

t h a t  have been damaged by d i sease ,  i n s e c t s ,  f i r e ,  and n a t u r a l  
d i s a s t e r  

Species  of continuous cover crops occupying f i e l d s  g r e a t e r  than 
20 f e e t  square and weed patches of 20 f e e t  square 

Drainage p a t t e r n s  
S o i l  series boundaries 
Major s o i l  series and s o i l  moisture  d i f f e rences  
Areal ex ten t  of water sur faces  
Mapping of p lan imet r ic  d e t a i l  i n  a g r i c u l t u r a l  a r eas  
On s e q u e n t i a l  photography ( r e p e t i t i v e  cover of t he  same a r e a ) ,  

rates of p l a n t  growth, p l an t  succession, probable f u t u r e  
p l a n t i n g  p lans ,  and probable crop y i e l d s  

8 /  Unpublished statement dated March 8 ,  1966. Members of the  Research 
Managgment Team at  the  t i m e  were H. A. Rodenhiser, R. N. Colwell, H. A. Steele, 
J. R. Shay, and R.  K. Arnold. 
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The team's d e f i n i t i o n  of e x i s t i n g  i n t e r p r e t a t i o n  c a p a b i l i t i e s  app l i e s  
pr imar i ly  t o  photographic imagery because nonphotographic image i n t e r p r e t a t i o n  
c a p a b i l i t i e s  are s t i l l  poorly developed. 
with the  f indings elsewhere i n  t h i s  s tudy,  except f o r  one s i g n i f i c a n t  d i f f e r -  
ence. 
with a reso lu t ion  of two meters. In  comparison, the  large image scales speci-  
f i e d  by Colwell f o r  cereal crop i d e n t i f i c a t i o n ,  as w e l l  as the reported experi-  
ence of o ther  i nves t iga to r s ,  imply t h a t ,  except i n  s p e c i a l  s i t u a t i o n s ,  r e s o l u t i o n  
requirements f o r  crop spec ies  i d e n t i f i c a t i o n  are somewhat more r igorous than two 
meters. 

The team's statement genera l ly  agrees 

According t o  the  team, spec ies  of continuous cover crops a r e  i d e n t i f i a b l e  

I n  assessing p o t e n t i a l  photographic i n t e r p r e t a t i o n  c a p a b i l i t i e s ,  i t  should 
be remembered t h a t  r e so lu t ions  g r e a t e r  than two meters have been ava i l ab le  a t  
low a l t i t u d e s  and are t h e o r e t i c a l l y  a t t a i n a b l e  from sa t e l l i t e  a l t i t u d e s .  
olution grea te r  than two meters has permit ted a v a r i e t y  of ingenious image 
i n t e r p r e t a t i o n s .  Nevertheless,  i n  view of the  c h a r a c t e r i s t i c a l l y  complex na ture  
of experimental i n t e r p r e t a t i o n  e f f o r t s ,  add i t iona l  i n t e r p r e t a t i o n  c a p a b i l i t i e s  
based on high r e so lu t ion  are not  l i k e l y ,  p a r t i c u l a r l y  from space a l t i t u d e s .  

Res- 

The p o t e n t i a l  f o r  developing photographic i n t e r p r e t a t i o n  techniques based 
on t imely and frequent  o v e r f l i g h t s  i s  apparent ly  s u b s t a n t i a l .  Several  of the  
reported experiments have successfu l ly  explo i ted  seasonal  changes i n  the  a g r i -  
c u l t u r a l  landscape. The r e s u l t s  of these  experiments i nd ica t e  t h a t  p l an t ing ,  
c u l t i v a t i o n ,  and harves t ing  p r a c t i c e s ,  changes i n  the  sur face  area of water 
bodies,  and even crop spec ies ,  t o  name a few p o s s i b i l i t i e s ,  are t o  some degree 
i d e n t i f i a b l e  and measureable by frequent  observat ion a t  space a l t i t u d e s .  

E lec t ronic  i n t e r p r e t a t i o n  of photographic imagery i s  another p o s s i b i l i t y .  
I n  general ,  the  s t a t u s  and prospects  f o r  i n t e r p r e t i n g  photographic imagery 
e l e c t r o n i c a l l y  a r e  i d e n t i c a l  t o  those f o r  nonphotographic imagery (discussed 
below). 

Although nonphotographic i n t e r p r e t a t i o n  a b i l i t i e s  are l i m i t e d  a t  p re sen t ,  
the  p o t e n t i a l  appears most promising. 
t i v e  i n  nonvisual regions of the  electromagnet ic  spectrum i s  expected t o  
provide a vantage po in t  not  afforded by the  v i s i b l e  region alone f o r  recording 
physical  ob jec t s  and condi t ions.  Informational  ga ins  may r e s u l t  from e i t h e r  
addi t iona l  observat ions of previously photographed ob jec t  c h a r a c t e r i s t i c s  a r  
o r i g i n a l  observat ions of add i t iona l  ob jec t  c h a r a c t e r i s t i c s .  
normally must be accomplished e l e c t r o n i c a l l y  because of t he  l a r g e  quan t i ty  and 
v a r i e t y  of d a t a  generated i n  m u l t i s p e c t r a l  sensing.  Devices f o r  t h i s  t a sk  a r e  
i n  the  research and development s t age .  

The supplemental use  of sensors  s ens i -  

I n t e r p r e t a t i o n  

Informational  Objec t ives  

The informational  ob jec t ive  i s  a fundamental f a c t o r  governing the  use of 
remote sensors i n  a g r i c u l t u r a l  surveys.  
t o  remote sensing.  
t o  remote reconnaissance, the  necessary d e t a i l ,  form, completeness, and accu- 
racy w i l l  depend upon the  purpose t o  be served.  Reported experience has shown 
t h a t  imagery s p e c i f i c a t i o n s  must be c a r e f u l l y  developed f o r  i nd iv idua l  surveys 
i n  order  t o  accomplish s p e c i f i c  ob jec t ives .  

Some d a t a  types are no t  suscep t ib l e  
Even i f  the  d a t a  type of i n t e r e s t  i s  inhe ren t ly  Suscept ib le  
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The v a r i e t y  of da t a  ob jec t ives  a t t a ined  experimentally suggests  t h a t ,  from 

Thus, i t  i s  reasonable t o  expect t h a t  
the  technica l  s tandpoin t ,  most survey requirements can be s a t i s f i e d  a t  low a l t i -  
tudes by the  use of spec ia l i zed  imagery. 
similar adapta t ions  of sa te l l i t e  imagery w i l l  f requent ly  be poss ib le ;  i t  does 
not necessa r i ly  follow, however, t h a t  the  same adapta t ion  p o s s i b i l i t i e s  e x i s t  
f o r  imagery taken a t  space a l t i t u d e s .  

Obviously, the  d e t a i l e d  d a t a  objec t ives  of p o t e n t i a l  a g r i c u l t u r a l  surveys 
Thus, p o t e n t i a l  app l i ca t ions  from space platforms cannot be f u l l y  determined. 

can bes t  be i d e n t i f i e d  as broad ca tegor ies  r e f l e c t i n g  d i s t i n c t i v e  but  genera l  
ob j ec t i v e s  . 

POTENTIAL AGRICULTURAL APPLICATIONS OF SATELLITE OBSERVATIONS 

Designations of (1) f e a s i b l e ,  (2) possibly f e a s i b l e ,  and (3) i n f e a s i b l e  a t  
space a l t i t u d e s  can now be appl ied with reasonable confidence t o  low-al t i tude 
app l i ca t ions  (defined as broad “appl ica t ion  areas”)of remote sensing. Essen- 
t i a l l y ,  app l i ca t ion  areas are regarded as f e a s i b l e  i f  the  r e so lu t ion  require-  
ments f o r  usable  d a t a  are not  r igorous and i n t e r p r e t a t i o n  techniques are w e l l  
developed. 
i f  the  r e s o l u t i o n  requirements are very r igorous and i n t e r p r e t a t i o n  c a p a b i l i t i e s  
have not  been developed. 
c a p a b i l i t i e s  appear t o  be adequate but i n t e r p r e t a t i o n  c a p a b i l i t i e s  have not been 
developed, are c l a s s i f i e d  as possibly f eas ib l e .  I n  the  only s i g n i f i c a n t  depar- 
t u r e s  from these  ru l e s ,  surveys of range condi t ions and agronomic practices are 
c l a s s i f i e d  as f e a s i b l e ,  al though i n t e r p r e t a t i o n  techniques f o r  these  purposes 
are not  f u l l y  developed. 
t ies are shown i n  t a b l e  4. 

A t  t he  o the r  extreme, app l i ca t ion  areas are regarded as i n f e a s i b l e  

The remaining appl ica t ion  areas, where r e so lu t ion  

The app l i ca t ion  areas  and t h e i r  estimated f e a s i b i l i -  

Feasible  Applications 

Reconnaissance surveys of major land uses, s o i l s ,  su r f ace  water resources  
( including flooded a r e a s ) ,  range condi t ions,  and cropping p r a c t i c e s  u t i l i z i n g  
sa te l l i t e  imagery are c e r t a i n  tn y i e l d  ccnsiderablz  q u a n t i t i e s  of usable  da t a .  
The f i r s t  t h r e e  d a t a  types have been sucessfu l ly  mapped o r  measured on low- 
r e s o l u t i o n  photography a t  the  scale of 1:60,000 o r  smaller. 
low r e s o l u t i o n  requirements are w e l l  wi th in  the t h e o r e t i c a l  c a p a b i l i t i e s  of 
photographic cameras operated from e a r t h  o r b i t .  Moreover, t h e  l imi t ed  quant i ty  
of a v a i l a b l e  space imagery i n d i c a t e s  t h a t  reconnaissance photography of reason- 
ab ly  high q u a l i t y  is  r e a l i s t i c a l l y  achievable.  I n  addi t ion ,  s i g n i f i c a n t  gains  
are expected from the  supplemental use of nonphotographic sensors .  

These r e l a t i v e l y  

The use  o f  remote sensing f o r  t i m e l y  evaluat ion of range condi t ions  and 
cropping p r a c t i c e s  has t o  d a t e  cons is ted  mainly of experimentation with large- 
scale s p e c i a l i z e d  images. 
observa t ions  of  rangeland with photographic and o the r  ~ e n s o r s  w i l l  r evea l  tone 
and t e x t u r e  d i f f e r e n c e s  and changes which can be meaningfully r e l a t e d  t o  den- 
s i t y ,  v i g o r ,  and ex ten t  of range herbage. Similar ly ,  many shape and tone 
c h a r a c t e r i s t i c s  assoc ia ted  with the  p lan t ing ,  c u l t i v a t i o n ,  and harves t ing  of 
c rops  should be  i d e n t i f i a b l e .  
and agronomic surveys would p lace  s t r i n g e n t  demands on image qua l i ty .  

Nevertheless,  i t  seems c e r t a i n  t h a t  s equen t i a l  

I f  maximum information is t h e  goal ,  both range 
For 

19 



A 
U 
rl 
d 
rl 

ft m 
Q 
0) 
yc 

Q 
91 
4 

9) 
U a a 

rl 
m a +I 

U (0 
0)  
Fr 

m 
W 

+ 

20 



general ized information, however, n e i t h e r  has high r e so lu t ion  requirements since 
the  u n i t s  f o r  i n t e r p r e t a t i o n  are usua l ly  large.  

Space photography, l i k e  conventional a e r i a l  photography, undoubtedly w i l l  
be used as a base f o r  mapping a v a r i e t y  of ob jec t s  and condi t ions  on the  ground 
( p a r t i c u l a r l y  f o r  many areas lacking adequate car tographic  o r  photographic bases 
f o r  c e r t a i n  purposes). However, the  metric q u a l i t i e s  p r a c t i c a l l y  and consis- 
t e n t l y  a t t a i n a b l e  may not be equal  t o  those of conventional photography. 

Possibly Feasible  Avplica t ions  

I d e n t i f i c a t i o n  of crop spec ie s  from space a l t i t u d e s  can be regarded as a 
d i s t i n c t  p o s s i b i l i t y ,  although i t  has been accomplished only experimentally o r  
l o c a l l y  a t  low a l t i t u d e s .  Photographic sensors  are not  l i k e l y  t o  prove gener- 
a l l y  adequate f o r  t h i s  purpose because of the complex requirements evidenced i n  
var ious  experiments, p a r t i c u l a r l y  Colwell ' s  work with cereal crop i d e n t i f i c a t i o n .  
Exceptions should occur i n  s p e c i a l  s i t u a t i o n s ,  such as t h e  use of near- infrared 
photography by Clair H i l l  and a s soc ia t e s  t o  i d e n t i f y  rice. 

The real hope f o r  sys temat ic  i d e n t i f i c a t i o n  of crop species is the  m u l t i -  
s p e c t r a l  approach under inves t iga t ion  a t  the  Universities of Michigan, Purdue, 
and Ca l i fo rn ia ,  and a t  the  Agr icu l ture  Experiment S t a t i o n  i n  Weslaco, Tex., 
which employs nonphotographic as w e l l  as photographic sensors .  The r e l a t i v e l y  
low r e s o l u t i o n  c a p a b i l i t i e s  a t t r i b u t e d  t o  sensors operat ing at i n t e r v a l s  over a 
broad range of the  spectrum should not  be a severe handicap. Ground r e so lu t ion  
of a few t e n s  o r  hundreds of f e e t  appears adequate since the  o v e r a l l  s p e c t r a l  
response of l a r g e  t a r g e t s  ( f i e l d s  of crops r a the r  than ind iv idua l  p l a n t s )  would 
be emphasized. P l an t s  are not  resolved ind iv idua l ly ,  of course,  even i n  low- 
a l t i t u d e  app l i ca t ions .  

The p o t e n t i a l  app l i ca t ion  of remote sensing from space f o r  crop v igor  
a n a l y s i s  must a l s o  be q u a l i f i e d .  
t o  numerous f a c t o r s ,  including d i sease ,  insects, mineral  d e f i c i e n c i e s  and exces- 
ses, and adverse weather. I n  general ,  v a r i a t i o n s  i n  vigor  are r a t h e r  s t r i k i n g l y  
imaged as tonal. d i f f e rences  on se l ec t ed  phctcgraphs taken a t  low altitudes. On 
s e v e r a l  occasions,  i n  f a c t ,  a diseased condi t ion i n  p l a n t s  has  been de tec ted  on 
near- infrared photographs before  t h e  condition w a s  evident  t o  ground observers.  
A t  least two f a c t o r s ,  however, may l i m i t  the  appl ica t ion  of space platform 
sensors  f o r  t h i s  purpose. F i r s t ,  crop vigor  ana lys i s  is  dependent t o  some 
ex ten t  on crop i d e n t i f i c a t i o n ,  which (as  noted above) is  not  c l e a r l y  f eas ib l e .  
Second, while  remote sensors  a r e  good ind ica to r s  of l o s s  of p l a n t  v igor ,  they 
are gene ra l ly  poor i n d i c a t o r s  of the  causal agent.  

Variat ions o r  l o s ses  i n  crop vigor  may be due 

Usable estimates of crop production appear f e a s i b l e  i n  s p e c i a l  ins tances  
where crop i d e n t i t y  is known o r  where crops can be i d e n t i f i e d  i n d i r e c t l y .  
estimates should become genera l ly  achievable i f  the  problem of crop i d e n t i f i -  
cation is  solved.  Many f a c t o r s  a f f e c t i n g  yield--s i te ,  agronomic p r a c t i c e s ,  
c rop  v igo r ,  crop dens i ty  o r  s tand ,  and ca t a s t roph ic  events--can by i n t e r p r e t e d  
a t  least i n  r e l a t i v e  terms. Sample ground information could be used t o  r e f i n e  
t h e  i n t e r p r e t e d  r e s u l t s .  Acquis i t ion of the  necessary area d a t a  is not  expected 
t o  be d i f f i c u l t .  

Such 
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In feas ib l e  Applicat ions 

Detai led s o i l s  c l a s s i f i c a t i o n  and mapping and censuses of l i v e s t o c k  and 
w i l d l i f e  appear i n f e a s i b l e  from space a l t i t u d e s .  Detai led s o i l s  surveys have 
never been success fu l ly  conducted by aerial  photography, while present  research  
ind ica t e s  t h a t  radar  w i l l  y i e l d  only reconnaissance-type information. 
on progress of t he  Michigan-Purdue s tudy i n d i c a t e  t h a t  t he  m u l t i s p e c t r a l  system 
w i l l  have l imi ted  so i l -d iscr imina t ing  capab i l i t y .  

Reports 

From t h e  purely t h e o r e t i c a l  po in t  of view, inven to r i e s  of l i v e s t o c k  and 
w i l d l i f e  may sometime be poss ib le .  From a p r a c t i c a l  s tandpoint ,  however, t h e  
e x i s t i n g  obs tac les  appear insurmountable. F i r s t ,  under the  most optimum con- 
d i t i o n s  imaginable, severe r e s t r i c t i o n s  on ground r e so lu t ion  would be imposed 
by scale alone. 
miles would y i e l d  a scale of 1:26,400, which is considerably smaller than those 
used with only l imi t ed  success i n  experiments t o  da t e .  
would probably u t i l i z e  a s h o r t e r  foca l  length  a t  g r e a t e r  d i s t ances  with a con- 
sequent ly  smaller scale. 
the  expense of wide-area coverage, thus o f f s e t t i n g  one of t he  main advantages 
of a space platform and a p a r t i c u l a r l y  d e s i r a b l e  f e a t u r e  i n  surveys of t h i s  
type ' 

To i l l u s t r a t e ,  a f o c a l  length  of 20 f e e t  a t  a d i s t ance  of 100 

A n  opera t iona l  system 

I n  any case, r e so lu t ion  could be increased only a t  

Another obs t ac l e  i s  the  complex informat iona l  needs i n  l i ves tock  surveys.  
I t  is necessary o r  d e s i r a b l e  t o  i d e n t i f y  breed, age, sex,  and o t h e r  charac te r -  
ist ics,  as w e l l  as t o  d i s t ingu i sh  var ious  spec ie s ,  Even i f  r e s o l u t i o n  capabi l -  
i t i es  s u f f i c i e n t  t o  d e t e c t  domestic (o r  wild)  animals become a v a i l a b l e ,  i d e n t i -  
f i c a t i o n s  and measurements of u se fu l  consis tency most l i k e l y  cannot be made 
from space a l t i t u d e s .  

Unclassif ied Applicat ions 

I n  view of the  d ive r se  na ture  of t h e  d a t a  requirements,  a s s i p n e n t  of a 
f e a s i b i l i t y  rank t o  conservat ion surveys would appear t o  have l i t t l e  value.  
As reported i n  t h i s  study, t h e  informat iona l  o b j e c t i v e s  i n  surveys of t h i s  
type include d a t a  on s o i l s ,  s lopes ,  water resources ,  land use ( inc luding  spe- 
c i f i c  c rops) ,  y i e ld ,  production, ownership c h a r a c t e r i s t i c s ,  income, and t h e  
l i k e .  Moreover, these  types of d a t a  i n  gene ra l  must be mapped o r  otherwise 
p rec i se ly  located geographical ly  and o f t e n  by ind iv idua l  farms as w e l l .  
types of da t a ,  of course,  are not  a t  a l l  s u s c e p t i b l e  t o  remote sens ina .  

Some 

Cer ta in  d a t a  types of i n t e r e s t  i n  conserva t ion  surveys,  e.g., major vege- 
t a t i o n  types, cropland, and drainage systems, have a l r eadv  been c l a s sed  as 
f eas ib l e ;  t h a t  i s ,  they are considered both i d e n t i f i a b l e  and measurable from 
space a l t i t u d e s .  Other d a t a  i n  conserva t ion  surveys have been ranked as pos- 
s i b l y  f eas ib l e ;  and d e t a i l e d  s o i l s  c l a s s i f i c a t i o n ,  i n  p a r t i c u l a r ,  i s  regarded 
as i n feas ib l e .  
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CONCLUSIONS 

The review of l i t e r a t u r e  and cur ren t  research on a g r i c u l t u r a l  remote sensing 
leads  t o  the  following conclusions: 

(1) Exis t ing photographic sensors  and photographic i n t e r p r e t a t i o n  techniques 
are adequate t o  perform a variety of a g r i c u l t u r a l  survey t a s k s  from space p l a t -  
forms. Dependent upon the  s p e c i f i c  form and required degree of accuracy of the  
da ta ,  reconnaissance surveys of major land uses ,  s o i l s ,  water bodies,  range con- 
d i t i o n s ,  and cropping p r a c t i c e s  appear t o  be t echn ica l ly  f eas ib l e .  

(2) Crop species i d e n t i f i c a t i o n ,  crop vigor ana lys i s ,  and crop production 
estimates of usefu l  consistency and accuracy a r e  not c l e a r l y  f eas ib l e .  It i s  
probable,  however, t h a t  usefu l  i n t e r p r e t a t i o n s  of these types can be made i n  
s p e c i a l  s i t u a t i o n s  u t i l i z i n g  photographic methods. Moreover, developing non- 
photographic sensing and i n t e r p r e t a t i o n  c a p a b i l i t i e s  may r e s u l t  i n  s u b s t a n t i a l  
informational  gains ,  p a r t i c u l a r l y  when used i n  conjunction with photographic 
imagery. 

(3) Detai led s o i l s  surveys and censuses of l i ves tock  appear una t ta inable  
from space a l t i t u d e s  because adequate r e so lu t ion  and i n t e r p r e t a t i o n  techniques 
are lacking .  
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